SUMMARY Pulsed Doppler indices were devised in order to grade the severity of mitral regurgitation on a quantitative basis. Indices were obtained by mapping the regurgitant jet by recording abnormal systolic Doppler signals detected on a "yes/no" basis using a 3 MHz pulsed Doppler velocimeter associated with a cross sectional real time ultrasonic scanner. Combined information from two echographic planes was used to take into account the geometrical three dimensional configuration of the jet. The following dimensions of the jet were measured: (a) the length and the height in the long axis view of the left atrium (long axis regurgitant index (LARI), 0*5 x length x height); (b) the width at the annulus in the short axis view (short axis regurgitant index (SARI)); (c) the total regurgitant index (TRI) calculated as the product of LARI multiplied by SARI. Sixteen normal subjects and 94 patients including 46 cases of mitral regurgitation confirmed by angiography (32 of whom proceeded to surgery) were investigated. The diagnostic sensitivity was 91% and the specificity 94%. The jet was detected in 76% of cases. Indices were correlated with independently performed angiographic grading on a three point scale. The best linear correlation was obtained for the TRI; mean values were significantly increased for each grade of severity. Correlations with invasive procedures showed an 87% success rate for the Doppler prediction of the involved regurgitant leaflet(s) and of the anatomical site of the lesion at the annulus. In addition, an abnormal diastolic signal was found in five of the eight patients with ruptured chordae and also a decreased percentage of systolic shortening of the annulus diameter in patients with mitral regurgitation compared with those without.
Doppler techniques are often criticised because until now they have generally given only qualitative information for grading the severity of lesions. This was the case in previous reports dealing with mitral regurgitation' -" and led us to devise indices that would provide a quantitative grading. Ideal}y, such indices would take into account the geometrical three dimensional configuration of the jet that can be mapped in the left atrium by Doppler detection of turbulence. We chose the most commonly found configuration, which turned out to be a more or less round shaped peg. In the present report we define these indices and analyse their reliability.
Requests for reprints to Dr Colette Veyrat, Service de Cardiologie, Fondation A de Rothschild, 25- The diagnosis of mitral regurgitation relied on angiographic data. Selective left ventricular cineangiography was performed in all patients using a 300 right anterior oblique projection with injection of 40-50 ml of Renografin. Mitral regurgitation was evident in 44 patients with a total of 46 cases, two patients showing recurrent regurgitation.
The aetiology was rheumatic in 27 patients, nine with secondary mitral valve prolapse (seven anterior associated with posterior leaflet retraction, annular dilatation, and also ruptured chordae in four cases, and two of both leaflets with a cleft in one). There was also primary mitral valve prolapse in 10, affecting the posterior (8) , the anterior (1), and both leaflets (1) , with three cases of ruptured chordae. There were three cases of cardiomyopathy, two of endocarditis, two of prosthetic leaks, one congenital case of anterior leaflet prolapse and chordae rupture, and one of cleft of the anterior leaflet of undetermined origin. The diagnosis was further confirmed at the time of operation in 32 patients.
CLASSIFICATION OF MITRAL REGURGITATION
The severity of the regurgitation was assessed from qualitative criteria using a three point grading scale'4: grade I (mild)-minimum jet of dye cleared at next diastole (13 When abnormal signals were detected the direction and atrial extension of the jet were noted. The presence of any minor disturbances around the jet were also noted. Once the limits of the jet had been determined a transparent plastic sheet was placed over the video display screen and used to measure its size. Because of the rather triangular shape of the jet, the product (0O5 x length x height) was calculated and called the long axis regurgitant index (LARI).
Parasternal short axis view (Fig. Ib) -Using a transverse approach to the mitral valve annulus the entire area was explored for abnormal Doppler signals. When a disturbance was detected, its site (central, internal, or external, or all three) was noted and its width (measured in centimetres using a transparent plastic overlay) was recorded as the short axis regurgitant index (SARI). The product (0-5 x length x height) x width was then calculated to give the total regurgitant index (TRI).
During the real time examination two echocardiographic indices'8 19 were also measured to estimate the percentage systolic decrease of the mitral annulus diameter: the systolic diameter and the maximum anteroposterior diastolic diameters. The measurements were made using a transparent plastic overlay on the frozen image frame (Fig. 2) . The percentage Veyrat, Ameur, Bas, Lessana, Abitbol, Kalmanson systolic decrease was calculated as the ratio of these two indices:
diastolic -systolic diameter diastolic diameter Three sequences of systolic beats were analysed and averaged to determine each index. All the patients were examined by two observers; no evidence of interobserver disagreement was found in a test of 30 random reviews of videotapes. Measured indices were corrected for body surface area. The ultrasound findings were analysed without knowledge of the results of the invasive procedures, which were performed by separate teams. A statistical analysis of the results was made using a Hewlett Packard 4815. Values are expressed as means +1 standard deviation. The significance of the differences between the mean values was assessed using Student's t test (t and p).
Correlation coefficients were determined for values of the total regurgitant index correlated with the angiographic grading. Table shows the results. The total number of cases of mitral regurgitation (46) included the 44 patients with regurgitation confirmed by angiography and the two with recurrent regurgitation. The angiographic grading scheme followed the classification previously described. The sensitivity of the Doppler examination was 91% and its specificity 94%.
Left atrial detection of regurgitant jet As indicated in the Four discrepancies were noted (corresponding to a success rate of 87%). One anterior valve prolapse detected at surgery was missed by Doppler, which showed only a central jet. Three predictions of anterior valve prolapse by Doppler were found to be erroneous at surgery. These four patients had multiple lesions with annular dilatation; three had a retracted posterior leaflet and one an associated atrial septal defect.
In the short axis view, typical examples of which are shown in Fig. 7 , the annular site was compared with the surgical findings in 13 patients with valve prolapse. The site was central in nine patients, external in one, and internal in another; in all these the Doppler findings were correct. There were two discrepancies, corresponding to a success rate of 85%.
Ruptured chordae
No difference was seen on the Doppler recordings in systole in the eight cases of ruptured chordae. In five of these, prolonged diastolic disturbances with a very harsh Doppler sound similar to that heard in systole were found in the inflow tract facing the annular site of the regurgitant lesion. Fig. 4 shows the significantly decreased percentage of systolic shortening in patients with mitral regurgitation (12±8), compared with that in the normal subjects and patients in the control group. The percentages were significantly lower in those with annular dilatation (9±5) than in those without (16+8) (p<O-Ol). Discussion It is now accepted that cross sectional real time echography has improved the visualisation of the mitral valve structures.20 21 Doppler ultrasound is necessary, however, to diagnose mitral regurgitation noninvasively by detecting reverse flow through the mitral valve annulus.
Systolic decrease in annulus diameter
The fundamental, theoretical, and technological limitations of the pulsed Doppler method are well known.'522 The most important of these are the Nyquist limit in recording high velocities at any given depth, the noise in the receiver, and the gain dependence of the output display. Ways of minimising the effects of some of these problems have been proposed," 1 23 24but difficulties still remain. An important advantage of the present method is that it is relatively insensitive to these limitations, because it depends on a "yes/no" decision concerning the presence or absence of a Doppler signal and not on the absolute Veyrat, Ameur, Bas, Lessana, Abitbol, Kalmanson velocities of the jet, as taken in its strict sense of fluid dynamics.
VARIOUS DOPPLER ECHOGRAPHIC APPROACHES
The apical approach initially proposed when using one dimensional echo Doppler2 has the advantage that the directions of the flow and the ultrasound are parallel. Diagnosis relied on the detection of systolic reverse flow and the assessment of severity on the spatial spread of the anomaly at the annulus. We agree with other investigators6 that it remains the best procedure when using a one dimensional Doppler system.
The cross sectional approach that we now recommend provides unique information about the atrial spread of the jet (from the long axis view) and about its annular extent (from the short axis view). Despite the undesirable angle between the directions of the flow and of the ultrasound, the method has two clear advantages. Firstly, the Doppler sample is closer to the ultrasonic transducer and, secondly, adequate information is obtained concerning the direction of the regurgitant jet. Mechanism of regurgitation The mapping procedure described here gives a better understanding of the underlying mechanism of mitral valve regurgitation. The ability to map the left atrium, in long axis only, was first reported by Miyatake et al. 9 In two previous studies" 1 12 we modified this technique by adding short axis information in order to detect which part of the annulus was affected. We also correlated the Doppler findings with angiographic data and proposed the following pathophysiological classification for the three main directions of regurgitant jets: (a) those directed to the anterior atrial wall were related to posterior valve prolapse; (b) those directed to the posterior atrial wall were related to anterior valve prolapse; and (c) those directed to the mid-portion of the atrium were mostly due to mixed mitral lesions.
We also noted that prolapse of both leaflets resulted in either a central jet or a jet corresponding to the predominant prolapsed leaflet. This and a recent study'0 confirm these preliminary findings, which are also in agreement with angiographic descriptions of jets.25
Some comments are required about jets observed in rheumatic lesions. The central direction of the jet, generally seen in combined lesions, does not uniformly apply to all pure or predominant rheumatic regurgitations, in which a wide range of mechanisms is concerned, frequendy including an anterior valve prolapse with various chordal lesions. Two lesions are often involved in the rheumatic process. These are a retracted posterior leaflet and a dilated annulus which may generate a jet somehow mimicking that due to an anterior valve prolapse, as was observed in some discrepant findings. Combined lesions may also generate different jets in a given patient. For example, a jet may be directed to the atrial mid-portion at the centre of the annulus with another jet directed to the posterior atrial wall at a commissure if it is the site of a localised anterior prolapse.
The last comment about the mechanism of regurgitation concerns the difficulties sometimes encountered in correlations with the results of invasive procedures. Whereas Doppler detection of the jet remains unaffected by the severity of the regurgitation, recognition of a jet may be difficult at angiography in free regurgitation. As for surgery, it easily recognises the primary anatomical lesions but may fail to single out the determinant regurgitant factor in cases of multiple lesions. Above all, surgery may fail to detect a secondary dysfunction of an otherwise anatomically normal structure, coupled with diseased components of the mitral apparatus.
Ruptured chordae
Although it is too early to make a definite statement, the unusually rough sound of the Doppler signals from flow in diastole might be suggestive of ruptured chordae. The sound is different from that heard in organic stenosis, and the duration of the disturbance exceeds that seen in functional inflow murmur. The study of the specificity of this finding requires the investigation of cases with pronounced chordae elongation without rupture.
Echocardiographic examination of the annulus Despite the errors that may possibly occur when using long axis information,26 the finding of a notable decrease of systolic shortening in mitral valve annulus diameter in patients with annular dilatation has a practical role when the desirability of further reconstructive surgery is considered.
LIMITATIONS OF THE NEW PROCEDURE
Among the technological limitations, that most requiring attention is the poor signal to noise ratio of the Doppler system. This may result in a false negative diagnosis when there is pronounced atrial enlargement and low cardiac output. Despite this, technically unsatisfactory examinations are exceptional. Positive diagnoses were always obtained in patients with prostheses and when disturbances were found near the posterior atrial wall. In no case was it possible, however, to map the jet from an annular leak, and therefore this led to failure in identifying this mechanism. In addition to the possibility of missing a jet, a mechanism of regurgitation may not be detected when there are several associated factors.
Clinically silent incompetent valves27 were never encountered, although theoretically these could result in a limitation to the mapping of disturbances in the atrium.
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